Abstract
The golden-cheeked warbler (Derzdroicu chtysopuriu) is a rare bird inhabiting the so-called "cedar brakes" in the Edwards Plateau region of west-central Texas. Golden-cheeks have been the center of controversy involving clearing of Ashe juniper (Jwziperus ushei) for range improvement and commercial harvesting for fence posts and aromatic oils; yet, no study to date has dealt quantitatively with habitat requirements of these birds. Pulich (1976) conducted an in-depth study on the natural history of golden-cheeks.
He noted that the warblers are obligatively dependent on Ashe juniper for nesting habitat, and that golden-cheeks require large blocks of mature (~50 years old) Ashe juniper. He further noted that: "Only older cedar brakes with some variation in age provide the necessary requisites of warbler habitat. ' ' Previous studies by Johnston et al. (1952) and Huss (1954) characterized the vegetative composition of golden-cheek nesting habitat as juniper-oak; juniper composition ranged 14-50% (of stems per acre), while oaks made up 20-70%.
My study was initiated to obtain quantitative data on nesting and wintering habitats of golden-cheeks, as well as, to develop a habitat management strategy for these rare birds.
Methods

Meridian State Park Study Area
Meridian State Park is located in Bosque County, approximately 83 km west of Waco, Tex. (Fig. I) . The park contains 203.2 ha, about one fourth of which is inundated by Lake Bosque. The eastern portion (= Area I) of the Park has been developed to accommodate overThe author is associate professor of forest wildlife, School of Forestry, Stephen F. Austin State University, Nacogdoches, Texas 75962.
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60 night campers and picnickers, while the western portion (=Area II) remains relatively undeveloped as a hiking and "wilderness" area. Limited habitat management (viz., thinning and limbing of juniper) for golden-cheeks has been attempted by the Texas Parks and Wildlife Department in Area II.
Vegetation is dominated by juniper-oak, with some riparian habitat occurring along tributaries of Lake Bosque. Soils are predominately shallow, well-drained calcareous clays, with numerous outcrops of limestone.
The area contains considerable topographic diversity typical of the Edwards Plateau Region; elevation averages 1,000 m.
Aging oj Ashe Juniper
In 1973, six study areas were selected for aging studies of Ashe juniper (Fig. 1) . Study areas included previously defined (Pulich, pers. comm.) golden-cheek nesting habitat in Area II. Increment cores were taken from 60 randomly selected Ashe junipers (ten in each area) at 60 cm (above ground surface), stored in plastic soda straws, and returned to the laboratory for processing. Tree height, diameter and the degree of bark sloughing (top and bottom) were noted for each tree. In the laboratory cores were dried at 100°C and X-rayed. X-ray films (Fig. 2 ) of increment cores were analyzed using a Densicord Electrophoresis Densitometer (Photovolt Corp.). Annual rings were then counted from densitometer tracings.
_ _
Golden-cheek Nesting Hubitut
A census of golden-cheeks was conducted each nesting season (March-July) during the period 1974-78. Home ranges of warblers were determined (Kroll and Davis, unpubl.) by following birds and marking each tree utilized with a numbered tag. Tree species utilized and the birds' behavior were recorded. Analysis of Nesting Habitat Golden-cheeks were previously thought to occupy only restricted areas in the western portion of the park (cf. , Fig. I) ; however, birds were distributed throughout Areas I & II (Fig.  8) .
Meridian
The golden-cheeked warbler appears to be a typical edge species.
Home ranges were situated adjacent to roads, clearings, and trails. Published estimates of territory size range from 2 acres (0.81 ha) per pair (Pulich 1962 ) to 6.3 acres (2.55 ha) per pair (Pulich 1976) , with rate of occurrence being one pair per 30 acres (12.15 ha) of suitable habitat. I estimated rates of occurrence for Meridian State Park to range 4.49-8.48 ha (n= 10) per pair, higher than the estimates of Pulich (1962 Pulich ( , 1976 .
Since the golden-cheek population of Meridian State Park seemed relatively stable (cf., Fig. 8 ), I considered areas consistently included within territories during each year of the study as good golden-cheek habitat. Areas in which the birds were conspicuously absent were classified as poor habitat. To the casual observer, good and poor habitats seemed quite similar; yet on closer examination, there were considerable differences. Golden-cheeks preferred sites which could only be considered a suboptimum for plant growth, that is, certain edaphic features (viz., xetic sites with shallow, rocky soils) limited woody plant growth. Golden-cheek habitat had less Ashe juniper and more Big&w oak (Quercus durand;; breviloba) than poor habitat (Table 2) . Juniper-oak ratios for good In order to obtain a measure of habitat diversity, I calculated diversity index values using standard information theory (Shannon and Weaver 1963) . Surprisingly, variables for good habitats were less diverse than those for poor habitats (Table 4) . The only exceptions to this trend were height and diameter of Bigelow oak. contribution to the discrimination of each variable. The high coefficient value for presence of Bigelow oak again suggests importance of this plant species to golden-cheeks.
Vegetution Substrutes Used by Golden-cheeks
A total of 1,252 observations were made on vegetative substrates used for singing by golden-cheek males, while 174 observations were made on foraging substrates (Table 6 ). Golden-cheeks preferred to sing from the tops of junipers of observations). Lepidoptera larvae inhabiting oaks appear to be an important food source during the first few days after hatching. Indeed, observations of prey taken by golden-cheeks (Table 7 ) substantiated this observation.
La Esperanza
On March 20, 1975, I observed 12 golden-cheeks feeding in the low, scrubby brush beneath Ocote pine (Pirllrs otic~rrpcr). These birds were accompanied by several black-throated green, hermit (D. c,c,c,iclrrztcrli.~) , and Townsend's (D. towmendi) warblers, which fed higher in the vegetation (usually within pine canopies). Elevation was about 1,500 m. Excluding pine overstory, the area greatly resembled, physiographically, nesting areas examined at Meridian. Understory was dominated by oaks,
54.6% of which was erwitzo (Querc~s oleoicles).
Other o& species (= wble) made up an additional 8.1%, while sweetgum (Liq~~ihdxir styrcbjlucl) comprised another 2 1.4%. Pine basal areas averaged 6.5+3. lm", mean tree height was 24.4k6.8 m, and diameter averaged 44.9k2.9 cm. Mean understory height was 1.7~0.6 m. Terrain of the area studied was extremely steep, with numerous small drainages interspersed. The area is currently being manged by foresters from the Corpacion de Hondurefia Forestal (COHDEFOR). Consideration for golden-cheek habitat will be incorporated into COHDEFOR policy as their wildlife management program develops.
Discussion
Nesting Habitat Requirements of the Golden-cheeked Warbler
Golden-cheeks are indeed obligatively dependent on Ashe juniper for nesting materials, but scrub-oak, particularly Bigelow oak, appears to play an equally important role as habitat at Meridian. However, I do not feel that golden-cheeks are totally dependent on Bigelow oak. My observations and those of others (McDonal 1972) suggest that, in other nesting areas (viz., Travis and Medina counties), scrubby forms of species such as Texas oak (Q. texana) and live oak (Q. ~irginiunu) are also important. In all habitats examined, goldencheeks appear to select areas with a scrubby appearance.
A historical analysis of golden-cheek habitat is enlightening. Juniper-oak is probably the climax community. Before Caucasians settled in Central Texas, large expanses of grassland were maintained as a disclimax by fire (either natural or man-made). Hence, the juniper-oak climax community could only develop among certain refugia such as streams and rocky, limestone outcrops. Golden-cheeks apparently co-evolved as an edge species inhabiting the interface between grassland and juniper-oak.
Stands of juniper-oak were probably never extensive. Indeed, Pulich ( 1976) reported: ' 'Oldtimers related that cedar brakes were restricted to steep slopes and cliffs of limestone canyons and ravines, with a good grass cover on the lower slopes and in between the canyons, in some places to the height of a horse's belly."
My observations, plus historical accounts of original distribution of juniper-oak, contradict assertions by several researchers that golden-cheeks require large blocks, some as great as 2,000 ha, of pure Ashe juniper. Where I have encountered such large homogeneous stands, golden-cheek territories usually occurred along outer edges.
Winter Habitat Requirements Pulich (1976) suggested that a study on golden-cheek wintering habitat would be useful in that such a study might identify some "special" factor(s) of wintering habitat which would explain the restricted breeding range. MacArthur (1958) previously noted that winter foraging habitats of warblers were structurally similar to those in temperate nesting areas. Although my study on characteristics of winter habitat was limited~ I feel that an important habitat component is suggested. I observed golden-cheeks feeding in the same areas as blackthroated green, hermit, and Townsend's warblers. Since these warblers are allopatric for only a short portion of the year, selective pressures on the wintering grounds for resource partitionment must be considerable. Golden-cheeks were feeding in the shrubby understory vegetation, while other warblers, particularly black-throated greens, fed in upper midstory and overstory vegetation. Therefore, it is not surprising that cues for selection of winter habitat may carry over to the breeding season.
Habitat Management
Evaluation of Nesting Habitat
Unstandardized discriminant coefficients can be used in evaluating quality of golden-cheek nesting habitat (cf., Conner and Adkisson 1976; Kroll and Whiting 1977) . In order to suggest suitability of a particular habitat, the land manager need only establish a habitat sampling scheme which will provide the following data: (1) presence (= 1) or absence (=0) of Bigelow oak and Ashe juniper; (2) distance (m) between trees; (3) density (stems per hectare) of Bigelow oak and Ashe juniper; (4) height (m) of stand; and, (5) age of Ashe juniper. Then, mean values for each habitat variable must be multiplied by the appropriate discriminant coefficient (Table 5 ) and the products summed. If the total is less than the midpoint value (0.12427), habitat is probably suitable for golden-cheek nesting. Conversely, if the total value is greater than 0.12427, habitat is probably not adequate.
Probability of reaching the correct decision, however, is reflected by the magnitude of the difference between the computed mean and the midpoint value.
Habitat Improvement Management objectives for golden-cheeks are certainly compatible with those for both game and livestock production. Large homogeneous blocks of juniper appear to provide neither optimum nesting habitat for the warblers nor adequate forage for deer, turkey, or livestock. Strips of mature (240 yr) Ashe juniper should be retained along stream and river courses, hill crests, limestone outcrops, and ravines. Width of such strips, based on published territory sizes, should be no less than 75 m. Retention of these strips represents sound range, wildlife, and watershed management.
Large blocks of juniper should be broken up by trails, firebreaks, senderos, and other narrow clearings. Junipers in extremely dense stands must be thinned to promote hardwood growth; juniper-oak ratios should approximate 1.35 to 1. Growth and spread of scrub oak, particularly Bigelow Oak, can be facilitated by limited shredding and/or light grazing.
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